Magnitude of intrinsic isotope effects in the dopamine beta-monooxygenase reaction.
Intrinsic primary hydrogen isotope effects (kH/kD) have been obtained for the carbon-hydrogen bond cleavage step catalyzed by dopamine beta-monooxygenase. Irreversibility of this step is inferred from the failure to observe back-exchange of tritium from TOH into substrate under conditions of dopamine turnover; this result cannot be due to solvent inaccessibility at the enzyme active site, since we will demonstrate [Ahn, N., & Klinman, J. P. (1983) Biochemistry (following paper in this issue)] that a solvent-derived proton or triton must be at the enzyme active site prior to substrate activation. As shown by Northrop [Northrop, D. B. (1975) Biochemistry 14, 2644], for enzymatic reactions in which the carbon-hydrogen bond cleavage step is irreversible, comparison of D(V/K) to T(V/K) allows an explicit solution for kH/kD. Employing a double-label tracer method, we have been able to measure deuterium isotope effects on Vmax/Km with high precision, D(V/K) = 2.756 +/- 0.054 at pH 6.0. The magnitude of the tritium isotope effect under comparable experimental conditions is T(V/K) = 6.079 +/- 0.220, yielding kH/kD = 9.4 +/- 1.3. This result was obtained in the presence of saturating concentrations of the anion activator fumarate. Elimination of fumarate from the reaction mixture leads to high observed values for isotope effects on Vmax/Km, together with an essentially invariant value for kH/kD = 10.9 +/- 1.9. Thus, the large disparity between isotope effects, plus or minus fumarate, cannot be accounted for by a change in kH/kD, and we conclude a role for fumarate in the modulation of the partitioning of enzyme-substrate complex between catalysis and substrate dissociation. On the basis of literature correlations of primary hydrogen isotope effects and the thermodynamic properties of hydrogen transfer reactions, the very large magnitude of kH/kD = 9.4-10.9 for dopamine beta-monooxygenase suggests an equilibrium constant not very far from unity for the carbon-hydrogen bond cleavage step. This feature, together with the failure to observe re-formation of dopamine from enzyme-bound intermediate or product and overall rate limitation of enzyme turnover by product release, leads us to propose a stepwise mechanism for norepinephrine formation from dopamine in which carbon-hydrogen bond cleavage is uncoupled from the oxygen insertion step.